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(57) Abstract: A telecommunications system and method is disclosed for connecting external devices wirelessly to a Base Trans- 
ceiver Station (BTS) via a short range, ad-hoc network, such as the Bluetooth network. To communicate wirelessly with the external 
equipment, the BTS includes a Bluetooth compatible transceiver (TRX) for interfacing with the external equipment and sending and 
receiving signals on the physical layer and a Bluetooth adapter for converting the signals on the physical interface to the signals 
used by the higher layers. The Bluetooth adapter is also responsible for determining the address of each Bluetooth capable external 
equipment connected to the BTS and the type of equipment (protocol) it is. Each of the Bluetooth compatible external devices also 
have Bluetooth TRX's and adapters therein. To communicate with the Base Station Controller (BSC), the BTS further includes a 
network adapter for converting messages received from the Bluetooth capable external equipment to the proper message for the BSC. 
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SYSTEM AND METHOD FOR WIRELESS CONNECTION TO BASE STATION 

EXTERNAL EQUIPMENT 

BACKGROUND OF THE PRESENT INVENTION 
Field of the Invention 

The present invention relates generally to cellular 
telecommunications systems and methods, and specifically to 
base station systems. 

Background of the Present Invention 

Cellular telecommunications is one of the fastest 
growing and most demanding telecommunications applications. 

Today it represents a large and continuously increasing 
percentage of all new telephone subscriptions around the 
world. One prominent standard for cellular 

telecommunications systems is the Global System for Mobile 
Communication (GSM) digital mobile cellular radio system. 

A typical GSM network includes both a switching system 
and a base station system. The switching system is made up 
essentially of a Mobile Services Switching Center (MSC) , 
which controls calls to and from other telephony and data 
communications systems, and a Home Location Register (HLR) 
and Visitor Location Register (VLR) , which store subscriber 
information associated with mobile stations (MS's) within 
the MSC area. 

The base station system includes a Base Transceiver 
Station (BTS) , which is the physical equipment that 
provides radio coverage to the cell for which it is 
responsible, and a Base Station Controller (BSC) , which 
controls the functions of the BTS, such as handover and 
channel assignment . 
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The BTS further includes both internal equipment, such 
as one or more Transceiver Units (TRU' s) , and external 
equipment, such as one or more Active Antennas (AA's). 
Currently, the external equipment is connected to the BTS 
5 through cables or buses. Therefore, in order for the BTS 
to function properly, the BTS must have a number of ports 
(or other type of connector) to connect to all of the 
external devices. The installation of all of these cables 
and buses can be cumbersome and time consuming.- In 

10 addition, the number of external devices that can be 
connected to the BTS is limited by the number of ports that 
the BTS has and the type of buses that the BTS supports. 

Furthermore, the BTS typically uses a different 
protocol to communicate with each of the external equipment 

15 and devices. Thus, the external equipment can only be 
connected to the BTS if both the BTS and the external 
equipment support the same protocol. For micro BTS's, it 
becomes even more difficult to support all the needed 
interfaces (connectors and protocols) to connect to 

20 external equipment, while still being micro in size. There 
is, therefore, a need for a BTS to support multiple 
external devices, each with a different protocol, without 
expensive installation costs or extensive modifications to 
the BTS. 

25 

SUMMARY OF THE INVENTION 

The present invention is directed to 
telecommunications systems and methods for connecting 
external devices wirelessly to the BTS via a short range, 
30 ad-hoc network, such as the Bluetooth network. Bluetooth 
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was developed to be a cable replacement between portable 
and/or fixed electronic devices, and "operates in the 
unlicensed ISM band at 2.4 GHz. To communicate wirelessly 
with the external equipment, the BTS includes a Bluetooth 
5 compatible transceiver (TRX) for interfacing with the 
external equipment and sending and receiving signals on the 
physical layer and a Bluetooth adapter for converting the 
signals on the physical interface to the signals used by 
the higher layers. The Bluetooth adapter is also 
10 responsible for determining the address of each Bluetooth 
capable external equipment connected to the BTS and the 
type of equipment (protocol) it is. Each of the Bluetooth 
compatible external devices also have Bluetooth TRX' s and 
adapters therein. To communicate with the BSC, the BTS 
15 further includes a network adapter for converting messages 
received from the Bluetooth capable external equipment to 
the proper message for the BSC. Advantageously, by 
connecting the external equipment wirelessly to the BTS, 
the BTS is capable of supporting multiple external 
20 equipment with ease of installation and reduced cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosed invention will be described with 
reference to the accompanying drawings, which show 
25 important sample embodiments of the invention and which are 
incorporated in the specification hereof by reference, 
wherein: 

FIGURE 1 is a block diagram of a conventional base 
station system; 
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FIGURE 2 is a block diagram of a base transceiver 
station in wireless communication with external devices, in 
accordance with preferred embodiments of the present 
invention; and 

5 FIGURES 3A and 3B are signaling diagrams illustrating 

communication between the base transceiver station and an 
external device. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY 
10 EMBODIMENTS 

The numerous innovative teachings of the present 
application will be described with particular reference to 
the presently preferred exemplary embodiments . However, it 
should be understood that this class of embodiments 

15 provides only a few examples of the many advantageous uses 
of the innovative teachings herein. In general, statements 
made in the specification of the present application do not 
necessarily delimit any of the various claimed inventions. 
Moreover, some statements may apply to some inventive 

20 features but not to others. 

As shown in FIGURE 1, conventionally, a Base 
Transceiver Station (BTS) 24 is connected to external 
equipment, such as a Tower Mounted Amplifier (TMA) 30 or 
other equipment 31 via a respective cable 40 and 41 to a 

25 respective port 20 and 21 on the BTS 24. Similarly, the 
BTS 24 is connected to external devices, such as one or 
more Active Antennas (AA's) 32 or an Operation and 
Maintenance Terminal (OMT) 33 via buses 35 and 36, 
respectively, to the BTS 24. 



WO 01/58181 



-5- 



PCT/US01/03233 



To communicate with each of the external equipment and 
external devices 30-33 (hereinafter referred to 
collectively as external devices), the BTS 24 typically 
uses a different protocol to for each of the external 

5 devices 30-33. Thus, a converter 25 within the BTS 24 
converts between the protocol used by the external devices 
30-33 and the protocol used by an interface 28 to a Base 
Station Controller (BSC) 23 controlling the BTS 24. The 
interface 28 to the BSC 23 varies depending upon the type 

10 of cellular network. For example, in the Global System for 
Mobile Communications (GSM) network, the interface 28 
between the BSC 23 and the BTS 24 is known as the Abis 
interface. In the Universal Mobile Telecommunications 
System (UMTS) network, the interface 28 between the BSC 23 

15 (referred to as the Radio Network Controller) and the BTS 
24 (referred to as the base station) is known as the Iub 
interface. 

With reference now to FIGURE 2 of the drawings, in 
accordance with embodiments of the present invention, in 

20 order to allow multiple external devices 30-33 to be 
connected to the, BTS 24 without extensive cables or buses 
and without necessitating different protocol conversions 
for each external device 30-33, each of the external 
devices 30-33 can be wirelessly connected to the BTS 24 

25 through the use of a short range, ad-hoc network, such as 
the Bluetooth network. Bluetooth is a universal radio 
interface in the 2.4 GHz frequency band that enables 
electronic devices to connect and communicate wirelessly. 
The Bluetooth system provides a point-to-point connection 

30 or a point-to-multipoint connection, with each device being 
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able to communicate simultaneously with up to seven other 
devices . 

To implement the Bluetooth network for remote 
communication between the BTS 24 and the external devices 

5 30-33, the BTS 24 must have a Bluetooth compatible 
transceiver (TRX) 50 and a Bluetooth adapter 55. The 
Bluetooth compatible TRX 50 interfaces with the external 
devices 30-33 to send and receive messages on the physical 
layer. The Bluetooth adapter 55 converts the messages sent 

10 and received on the physical interface into . messages used 
by the higher layers. In addition, the Bluetooth adapter 
55 is responsible for determining the address of each of 
the external devices 30-33 wirelessly connected to the BTS 
24 and the type of device 30-33 it is. 

15 To communicate with the BSC 23, the BTS 24 further 

includes a network adapter 58 for converting messages 
received from the external devices 30-33 at the Bluetooth 
adapter 55 to the proper (Abis or Iub) message for the 
interface 28 to the BSC 23, and vice-versa. Thus, the 

20 network adapter 58 converts between protocols for 
communicating with the BSC 23 and protocols for 
communicating with the Bluetooth TRX 50. Likewise, to 
communicate with the BTS 24, each of the external devices 
30-33 also has a Bluetooth TRX 60-63, respectively, as well 

25 as the necessary Bluetooth adapter 65-68, respectively, for 
the respective external devices 30-33. 

With reference now to FIGURE 3A of the drawings, which 
will be described in connection with FIGURE 2 of the 
drawings, sample signaling is shown between the BTS 24 a 

30 particular external device, such as a new external device 
31. Once the new external device 31 has been fitted with 
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a Bluetooth TRX 61 and the appropriate Bluetooth adapter 
66, the external device 31 can register with the BTS 24 by 
providing a unique 48-bit Bluetooth device address to the 
BTS 24 (step 300). Thereafter, the BTS 24 assigns an 

5 active member address, which is typically a 3-bit address, 
to the external device 31 (step 310) . 

In the Bluetooth system, one unit is referred to as 
the master, which in this case is most likely the BTS 24, 
while the other units are referred to as slaves. Each 

10 Bluetooth TRX 50 and 60-63 applies a time-division duplex 
(TDD) scheme, so that in the normal connection mode, the 
master (BTS 24) starts transmitting on the even numbered 
time slots, while the slaves (external device 31) start 
transmitting on the odd numbered time slots. Information 

15 is transmitted between the BTS 24 and the external device 
31 in the form of packets, with each packet being 
transmitted on a different hop frequency. A packet 
normally covers a single time slot, but can be extended to 
cover up to five time slots. To enable the new external 

20 device 31 to determine which packets apply to it, the 
active member address for that new external device 31 is 
included in all packets sent directly to the external 
device 31 by the BTS 24. 

When the BTS 24 wants to send a message to the new 

25 external device 31, the BTS 24 pages the external device 31 
by transmitting the device access code (DAC) of the 
external device 31 (step 320) . The DAC is a code derived 
from the external device's 31 unique 48-bit Bluetooth 
device address. When the external device 31 detects it's 

30 DAC, the external device 31 sends a response message to the 
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BTS 24, including the DAC of the external device 31 (step 
330) . 

Thereafter, the BTS 24 and the external device 31 
exchange vital information to initiate connection setup 
(step 340). For example, to communicate, the BTS 24 and 
the external device 31 must both use the same channel 
access code (CAC) and the same channel hopping sequence. 

The CAC and the channel hopping sequence are typically 
derived from the Bluetooth device address of the BTS 24. 

In addition, the clocks of both the BTS 24 and the 
external device 31 must be synchronized. 

Once a connection is established, information packets 
can be sent between the BTS 24 and the external device 31 
(step 350) . Typically, the BTS 24 will begin by sending a 
packet in an even numbered time slot on a certain hop 
frequency. The packet can cover one time slot or up to 
five time slots. Each subsequent packet is transmitted on 
a different hop frequency. Response packets from the 
external device 31 are transmitted to the BTS 24 starting 
on an odd numbered time slot in the same hopping sequence. 

With reference now to FIGURE 3B of the drawings, if 
the BTS 24 and external device 31 are not involved in a 
connection, the BTS 24 will place the external device 31 in 
park mode, remove the active member address and assign a 
parked member address to the external device 31 (step 360) . 

If, at a later time, the parked external device 31 wants 
to transmit information to the BTS 24, the external device 
31 can initiate the connection by transmitting an access 
request message to the BTS 24 (step 370) . In response to 
30 receiving the access request message, the BTS 24 assigns an 
active member address to the external device 31 and sends 
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an unpark message, including the active member address, to 
the external device 31 (step 380) . 

Thereafter, the BTS 24 and the external device 31 
exchange the necessary information to initiate connection 
5 setup (step 390), as discussed above. Once a connection is 
established, information packets can be sent between the 
BTS 24 and the external device 31 (step 395), as discussed 
above . 

It should be understood that embodiments of the 
10 present invention can be applied to any type of cellular 
network, including, but not limited to GSM, CDMA, UMTS and 
Time-Division Multiple Access (TDMA) system, Personal 
Communications System (PCS), Advanced Mobile Phone System 
(AMPS), Digital-AMPS (D-AMPS) or any other type of cellular 
15 network. 

As will be recognized by those skilled in the art, the 
innovative concepts described in the present application 
can be modified and varied over a wide range of 
applications. Accordingly, the scope of patented subject 
20 matter should not be limited to any of the specific 
exemplary teachings discussed, but is instead defined by 
the following claims. 
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WHAT IS CLAIMED IS: 

1. A base station within a cellular network, said 
base station being in communication with at least one 
external device, said base station comprising: 

5 a transceiver adapted to wirelessly send and receive 

messages in a short range wireless network to and from said 

at least one external device; 

a first adapter configured to determine an address for 

said at least one external device, said messages sent to 
10 said at least one external device including said address; 

and 

a second adapter configured to convert said messages 
between a protocol associated with said short range network 
and a protocol associated with said cellular network. 

15 

2. The base station of Claim 1, wherein said short 
range wireless network is the Bluetooth network. 

3. The base station of Claim 2, wherein said first 
20 adapter is a Bluetooth adapter, said second adapter being 

a network adapter. 

4. The base station of Claim 3, wherein said network 
adapter converts said messages between said protocol 

25 associated with said Bluetooth network and said protocol 
associated with an interface to a controller within said 
cellular network. 
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5. The base station of Claim 4, wherein said 
interface is the Global System for Mobile communications 
Abis interface, said controller being a Base Station 
Controller. 

6. The base station of Claim 4, wherein said 
interface is the Universal Mobile Telecommunications System 
lub interface, said controller being a Radio Network 
Controller. 

7. The base station of Claim 1, wherein said 
transceiver receives said messages on a physical layer, 
said first adapter converting said messages received on 
said physical layer into messages used on a higher layer. 

8. The base station of Claim 1, wherein said first 
adapter is configured to determine the type of said at 
least one external device. 

2 0 9. A wireless telecommunications system, comprising: 

at least one external device having a transceiver 
adapted to send and receive messages in a short range 
wireless network and a short range adapter for converting 
said messages between a protocol associated with said short 

25 range network and a protocol associated with said at least 
one external device; and 
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a base station having a transceiver adapted to 
wirelessly send and receive said messages over said short 
range wireless network to and from said at least one 
external device, a first adapter configured to determine an 
5 address for said at least one external device, said 
messages sent to said at least one external device 
including said address, and a second adapter configured to 
convert said messages between a protocol associated with 
said short range network and a protocol associated with 
10 said wireless telecommunications system. 

10. The wireless telecommunications system of Claim 
9, wherein said at least one external device includes at 
least one of an active antenna, a tower mounted amplifier 

15 or an operation and maintenance terminal. 

11. The wireless telecommunications system of Claim 
9, wherein said short range wireless network is the 
Bluetooth network. 

20 

12. The wireless telecommunications system of Claim 

11, wherein said first adapter is a Bluetooth adapter, said 
second adapter being a network adapter. 

25 13. The wireless telecommunications system of Claim 

12, further comprising: 

a controller connected to said base station via an 
interface, said network adapter converting said messages 
between said protocol associated with said Bluetooth 
30 network and said protocol associated with an interface to 
said controller. 
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14. The wireless telecommunications system of Claim 
13, wherein said interface is the Global System for Mobile 
communications Abis interface, said controller being a Base 

5 Station Controller. 

15. The wireless telecommunications system of Claim 
13, wherein said interface is the Universal Mobile 
Telecommunications System Iub interface, said controller 

10 being a Radio Network Controller. 

16. The wireless telecommunications system of Claim 
9, wherein said transceiver of said base station receives 
said messages on a physical layer, said first adapter 

15 converting said messages received on said physical layer 
into messages used on a higher layer. 

17. The wireless telecommunications system of Claim 
9, wherein said first adapter is configured to determine 

20 the type of said at least one external device. 

18. A method for wirelessly connecting at least one 
external device to a base station within a cellular 
network, said at least one external device being wirelessly 

25 connected to said base station over a short range wireless 
network, said method comprising the steps of: 
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registering said at least one external device with 
said base station over said short range wireless network, 
said at least one external device and said base station 
having a respective transceiver and short range adapter 
5 therein for communicating over said short range wireless 
network, said base station having a network adapter therein 
for communicating with said cellular network; and 

assigning an address to said at least one external 
device by said short range adapter within said base 
10 station* 

19. The method of Claim 18, wherein said short range 
wireless network is the Bluetooth network, said address 
being an active member address, and further comprising the 
15 steps of: 

paging said at least one external device using said 
active member address; 

establishing a connection between said at least one 
external device and said base station over said short range 
20 wireless network; and 

transmitting messages between said base station and 
said at least one external device using said respective 
transceivers and short range adapters. 

25 20. The method of Claim 19, wherein said step of 

transmitting further comprises the steps of: 

receiving said messages by said transceiver of said 
base station on a physical layer; and 

converting, by said short range adapter within said 
30 base station, said messages received on said physical layer 
into messages used on a higher layer. 



WO 01/58181 



-15- 



PCT/US01/03233 



21. The method of Claim 19, wherein said step of 
transmitting further comprises the step of: 

converting, by said short range adapter within said at 
least one external device, said messages between a protocol 
associated with said short range network and a protocol 
associated with said at least one external device 

22. The method of Claim 19, further comprising the 
step of: 

transmitting said messages to said cellular network 
using said network adapter. 

23. The method of Claim 22, wherein said step of 
transmitting said messages to said cellular network further 
comprises the steps of: 

converting said messages between a protocol associated 
with said short range wireless network and a protocol 
associated with an interface to a controller within said 
cellular network. 

24. The method of Claim 18, wherein said short range 
wireless network is the Bluetooth network, said address 
being a parked member address, and further comprising the 
steps of: 

transmitting an access request message including said 
parked member address from said at least one external 
device to said base station; 

assigning an active member address to said at least 
one external device by said short range adapter within said 
base station; 
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sending an unpark message including said active member 
address from said base station to said at least one 
external device; 

establishing a connection between said base station 
5 and said at least one external device over said short range 
wireless network; and 

transmitting messages between said base station and 
said at least one external device using said respective 
transceivers and short range adapters. 

10 

25. The method of Claim 24, further comprising the 
step of: 

transmitting said messages to said cellular network 
using said network adapter. 

15 

26. The method of Claim 18, further comprising the 
step of: 

determining the type of said at least one external 
device by said short range adapter within said base 
20 station. 
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